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I.  OBJECTIVES 

The  objectives  of  this  program  are: 

A.  To  study  the  susceptihlllty  to  stress -corrosion  cracking  of  solld- 
rocket-motor  case  materials:  e.g.,  Vasc^^Jet  1000,  Type  30OM,  and  Ladlsh  d6AC 
alloy  steels,  AM355  and  PH  15-7  Mo  stainless  steels,  and  B120VCA  tltanlian 

B.  To  study  the  environmental  parameters,  including  the  atmosphere 
both  inside  and  outside  the  rocket  case,  that  affect  the  rate  and  extent  of 
stress  corrosion 

C.  To  determine  the  effect  of  material  parameters  (composition,  strength 
level,  microstructure,  surface  conditions,  etc.)  on  the  stress -corrosion  process 

D.  To  devise  and  evaluate  techniques  for  preventing  the  stress - 
corrosion  cracking  of  so lid -rocket -motor  case  materials, 

II.  WORK  PROGRESS 

A.  BEKT-BEAM  SPECIMENS 

All  of  the  environmental  bent-beam  stress -corrosion  test  data 
compiled  to  date  are  summarized  in  Table  1.  These  results  reflect  both  completed 
tests  and  tests  in  progress.  Six  alloys  are  being  evaluated  in  eleven  different 
environments.  Specimens  of  Ladlsh  d6ac.  Type  50CM,  and  Vascojet  1000  alloy 
steels,  AM355  and  PH  15-7  Mo  stainless  steels,  and  B120VCA  titanium  alloy  are 
being  tested  in  air,  distilled  water,  tap  water,  0.25^  sodium  dichromate 
solution,  1^  marquench  salt  solution,  %  sodium  chloride  solution,  trichloro¬ 
ethylene,  cosmoUne,  hfjo  soluble-oil  solution,  high  humidity  atmosphere,  and 
solid  propellant. 
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1.  Air 

No  failures  were  observed  with  any  of  the  /specimens  exposed 
to  laboratory  air.  The  duration  of  most  of  the  exposure  periods  was  4  weeks. 

Soma  ladish  d6ag  and  PH  15-7  Mo  specimens  were  exposed  for  over  17  weeks. 

Average  air  temperature  in  the  laboratory  was  75°^;  "the  I’elative  humidity  averaged 
50io. 

2.  Distilled  Water 

An  environment  of  distilled  water  was  found  to  be  the  most 
conducive  to  stress -corrosion  cracking.  At  yj.eld  strengths  ranging  from  235^000 
to  250,000  psi,  Vascojet  ].000  specimens  failed  in  the  shortest  period  of  time, 
generally  within  a  week.  Specimens  of  Type  300M  and  ladish  d6aC  alloys  began  to 
fail  after  7  weeks  of  exposure.  No  failures  were  noted  with  the  titanium  or 
stainless  steel  alloys,  even  after  17  weeks  of  exposure. 

3.  Tap  V/ater 

Some  failures  were  observed  in  a  tap  ■//ater  environi^ient ; 
however,  when  compared  to  distilled  water,  the  number  of  failures  ^ras  smaller, 
and  the  time  before  failure  was  longer.  Vaacojet  1000  again  was  the  alloy  most 
susceptible  to  stress -corrosion  cracking.  The  average  times -to -failure  for 
specimens  with  yield  strengths  ranging  from  235;  000  to  250,  000  psi  was  1  to  2 
weeks  for  the  Vascojet  1000  alloy,  while  there  were  no  failures  of  the  Type  500Mor 
Ladish  d6aC  steels  after  r;ore  than  I6  weeks  of  exposure.  No  failures  were  noted 
with  the  titanim  or  stainless  steel  alloys  after  the  same  exposure  period. 

4.  Sodium  Dlchromate  Solution 

No  failures  were  observed  with  specimens  exposed  to  a  0.25^ 
by  \Tt  sodiiun  dichromate  solution.  Exposure  times  ranged  from  3  to  15  weeks- 
This  environment  also  inhibited  surface  corrosion  on  all  of  the  alloys. 

5.  Marquench  Salt  Solution 

No  failures  were  observed  with  specimens  exposed  to  a  ZPjo  by  wt 
solution  of  Warquench  salts  (a  mixture  of  nitrates  and  nitrites).  Exposure  times 
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ranged  from  ^  to  13  weeks.  IMs  enwlroisaent  also  Inhibited  surface  corrosion 
on  all  of  the  alloys. 

6.  Salt  Solution 

Stress-corrosion  cracking  of  Vascojet  1000  steel  occurred  after 
an  exposiore  time  of  1  to  2  weeks  in  a  solution  of  35^  by  wt  of  sodium  chloride. 
None  of  the  other  alloys  failed  in  up  to  15  weeks  of  exposure  time.  The  one 
exception  to  this  was  the  B120VCA  titanium  alloy;  however,  these  failures  were 
attributed  to  faulty  specimens  rather  than  to  stress -corrosion  cracking. 

7.  Trichloroethylene 

Tv.'o  specimens  of  one  of  the  alloys  tested  failed  in  a  tri¬ 
chloroethylene  environment  after  exposure  times  ranging  from  3  to  15’ weeks.  The 
alloy  v;hleh  failed  tos  B120VCA  tltaniiun;  theno  failures  were  attributed  to 
faulty  specimens  re-ther  than  to  r.tress-cori’osion  cracking. 

8.  Cosmo  line 

All  specimens  tested  in  E.  P.  Houghton's  Cosmollne  377>  a 
water-displacing  rust  preventive,  passed  exposure  periods  of  3  to  15  weeks 
without  fai’Iure. 

9.  Four  Percent  Soluble -Oil  Solution 

No  failures  were  encoxmtered  with  any  of  the  specimens  tested 
in  a  14  by  volume  aqueous  solution  of  Chevron's  soluble  oil.  Exposure  periods 
ranged  from  5  "to  15  weeks . 

10.  High  Humidity 

An  atmosphere  of  lOC^  humidity  at  190°F,  caused  no  failure  in 

specimens  of  PH  15-7  Mo  stainless  steel  in  a  period  of  16  weeks,  and  AM355  in 
2  weeks.  ladish  d6ac  specimens  showed  failure  times  of  1  to  2  weeks  at  the 
higher  strength  levels  and  no  failures  in  26  weeks  at  lower  strength  levels. 

Tj'pe  50OM  steel  specimens  began  to  fail  in  less  than  a  week. 
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11,  Solid  Propellant 

Selected  speclmeofl  of  each  alloy  were  hooded  with  a  solid 
propellant  and  subjected  to  long-term  storage  at  both  ambient  temperature  and 
at  iBO^F.  Since  the  testing  In  this  environment  hais  Just  been  Initiated,  no 
data  Is  available  at  this  time. 

B.  U-BBND  SPECIMEIB 

All  the  environmental  U-bend  stress -corrosion  test  data  compiled  to 
date  are  simunarlzed  in  Table  2,  U-bend  specimens  of  Indish  d6iAC,  Type  300M,  and 
Vascojet  1000  alloy  steeln  are  being  tested  in  distilled  water,  tap  water, 

sodium  dichromate  solution,  1^  Marquench  salt  solution,  5?^  scdium  chloride 
solution,  trichloroethylene,  Cosmcllne,  and  kf,  soluble-oil  solution. 

1.  Distilled  Water 

As  with  the  bent-beam  specimens,  a  distilled-water  environ¬ 
ment  was  found  to  be  the  most  aggressive.  In  the  yield  strength  raxjge  of 
235, 000  to  250,  000  psi,  Vascojet  1000  specimens  failed  in  about  1  week,  while 
Type  30OM  and  ladlsh  d6AC  specimens  failed  in  2  to  4  weeks.  Failures  of  all 
three  alloys  were  observed  at  the  200,000  psi  yield  strength  level;  these 
failures  occurred  in  16  to  24  weeks. 

2.  Tap  Water 

Failures  at  the  higher  strength  levels  were  observed  at  about 
the  same  time  they  occurred  in  distilled  water.  However,  at  lower  strength 
levels,  no  failures  were  recorded  in  this  environment  after  24  weeks  of  expos\ire, 

3.  Sodium  Dichromate  Solution 

No  failures  were  observed  with  any  of  the  specimens  tested  in 
an  environment  containing  sodivim  dichromate. 

4.  Marquench  Salt  Solution 

No  failures  were  observed  with  any  of  the  specimens  tested  in 
a  marquench  salt  solution  environment. 
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5.  Salt  Solution 

A  salt  solution  environment  vae  about  equally  as  aggressive 
as  was  the  distilled  water.  However,  the  ladlsh  d6AC  alloy  was  slightly  more 
resistant,  since  no  failures  were  observed  at  the  200,  000  psl  yield  strength 
level  after  24  weeks  of  exposure. 

6.  Tri chloroethylene 

Specimens  of  all  J  alloys  at  the  higher  strength  levels  failed 
in  this  environment  after  about  seven  weeks.  No  failures  have  occurred  at  the 
lower  strength  levels  after  24  weeks  of  exposure, 

7.  Cos mo line 

No  faibires  were  observed  in  the  case  of  specimens  tested  In  a 
cosraoline  environment. 

8.  Four  Percent  Soluble -Oil  Solution 

No  failures  were  observed  with  any  of  the  specimens  tested  in 
a  4^j  scluble-oil  solution. 

m.  FUTURE  WORK 

The  following  future  work  is  planned: 

A.  Continuation  of  the  tests  already  in  progress 

B.  Completion  of  the  environmental  stress -corrosion  testing  with  bent- 
beam  specimens  of  all  the  candidate  alloyB  which  have  been  bonded  vrlth  solid 
propellant  at  ambient  and  at  elevated  ten^jeratures 

C.  Environmental  stress -corrosion  testing  of  welded  bent-beam  specimens 
of  Ladlsh  DbAC,  Type  30OM,  and  Vascojet  1000  alloy  steels,  and  B120VCA  titanium 
alloy,  in  distilled  water,  tap  water,  salt  water,  and  high  humidity 

D.  Screening  and  evaluation  of  protective  coatings  for  preventing  or 
minimizing  stress -corrosion  cracking. 
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Alloy 
Udleh  i:i6AC 


Type  3OOM 


Vaacojot  1000 


AM355 


PJl  Mo 


B120VCA 

Tltaniiim 


TABLE  1 


SCNT-BTJAM  a 


EnvlH 


Yield 
Strength 
O.ait  Offset 
pal  X  10-3 

Air 

Distilled  Water 

Tap  Water 

0.g55t  NagCrpO,^  Soln. 

Marguench 

Salt  Soln. 

No.  of 
Specimens 

Time  to 
Failure 
(Days) 

No.  of 
Specimens 

Time  to 
Failure 
(Bey.) 

No.  of 
SpeclmenB 

Time  to 
Failure 
(Day.) 

No.  of 
SDecimens 

Time  to 
Fal lure 
(Days) 

No.  r-f 
SDecimens 

Time  to 
Failure 

(Daya) 

No.  c 
Specii 

ITT. 5 

3 

KF-aB** 

3 

NF-2] 

5 

NF-Pl 

5 

NF-2] 

3 

NF-21 

3 

222.3 

3 

NF-2B 

3 

NP-21 

5 

NF-21 

5 

NF-21  . 

5 

NF-21 

3 

222.5 

. 

- 

- 

- 

- 

- 

- 

- 

- 

222.5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

235.0 

3 

NF-aS 

5 

NF-21 

3 

NF-21 

5 

NF-21 

5 

NF-21 

3 

235.0 

3 

NF-121 

2 

NF-104 

5 

NF-104 

5 

.NF-104 

3 

NF-104 

5 

235.0 

. 

- 

NF-X21 

5 

NP-121 

- 

- 

- 

- 

- 

235.0 

- 

- 

103,8 

- 

- 

- 

- 

“ 

- 

- 

232.0 

3 

MF-sa 

3 

NP-21 

3 

NF-21 

3 

NF-21 

5 

NF-21 

3 

252.0 

3 

NF-121 

NP-121 

5 

NF-104 

3 

NP-104 

3 

nf-104 

3 

252.0 

. 

- 

1 

84.0 

5 

NF-121 

- 

- 

- 

- 

- 

252.0 

- 

- 

1 

95.8 

- 

- 

- 

- 

- 

- 

252.0 

- 

- 

1 

115.0 

- 

- 

- 

- 

- 

- 

- 

252.0 

- 

- 

1 

II8.Y 

- 

- 

- 

- 

- 

’ 

- 

106.0 

3 

NF-28 

1 

j 

NF-21 

3 

NF-2i 

J 

NF-21 

5 

NF-21 

3 

i!l3.0 

3 

NF-gB 

3 

N>’-21 

5 

NF-21 

5 

Nl-gl 

3 

NF-21 

3 

213.0 

- 

- 

- 

. 

- 

. 

- 

- 

- 

213.0 

- 

- 

- 

- 

. 

- 

- 

- 

- 

255.0 

5 

HF-aB 

3 

Nf’-2l 

NF-21 

NF-21 

NF-21 

3 

233.0 

. 

1 

NF-121 

3 

N>*-121 

. 

- 

- 

233.0 

- 

1 

•■(4.0 

- 

- 

- 

. 

- 

. 

. 

- 

- 

1 

1J2.“ 

- 

- 

- 

- 

- 

- 

- 

I'.llt.o 

3 

NF-28 

3 

NF-21 

NF-:n 

3 

NF-21 

3 

NF-21 

5 

aL2.0 

5 

.TF'-aB 

3 

Ni-'-21 

3 

3 

NF-21 

3 

KF-21 

3 

.337.5 

5 

IlF-'-:H 

1 

J 

13.7 

3 

NF-21 

5 

NF-21 

1 

237.5 

I 

7.8 

1 

14.7 

- 

- 

- 

1 

237.5 

- 

- 

J 

7.9 

1 

15.7 

- 

- 

- 

1 

2lH).0 

5 

1 

l.H 

1 

■'i 

NF-21 

3 

NF-;-l 

1 

2IO.O 

. 

1 

1 

9.8 

- 

. 

. 

1 

21(0.0 

- 

- 

1 

4.3* 

1 

".7 

- 

- 

- 

- 

1 

190. 0(T)*** 

fi 

/, 

HF-4'i 

NF-)|'( 

NF-49 

5 

ro'-4.;( 

5 

250.0(1,) 

5 

NF-2H 

,, 

NF-,'‘l 

3 

NF-21 

w<'] 

7 

NF-.?] 

5 

250.0(1,) 

- 

NF-121 

*- 

NF-).’l 

- 

- 

- 

2'f8.5(t,) 

llh'-ilH 

,, 

NF-;M 

/j 

NF-2] 

,, 

NF-21 

NF-2] 

3 

:rr«.5(i,) 

- 

- 

NF-121 

/, 

NF-Il‘1 

- 

- 

- 

- 

- 

IFF- 

WF-l'"* 

3, 

NF-  '0-  > 

3 

liF-’;- 

NF-M'' 

UF-!'"* 

MF-tC".' 

3 

NF  LU.. 

3 

237.0 

3 

NF-l:-'l 

NF-  h )' » 

'( 

TlF-lM  ■ 

WF-nv( 

NF-''0^ 

3 

137.5(1,) 

3 

NP-2.B 

J 

HF-;‘l 

NF-;-'l 

3 

NF-21 

NF-.?] 

J, 

137.5(T) 

*j 

NF-2H 

NF-21 

3 

NI-'-.’L 

3 

NF-21 

NF-;:i 

1 

139. 5fT) 

- 

- 

- 

“ 

" 

" 

” 

“ 

- 

- 

1 

i;-,9.5('r) 

' 

- 

” 

■ 

“ 

■ 

“ 

" 

- 

- 

1 

145.5{T) 

3 

NF-L’B 

NF-;’i 

3 

NF-21 

NF-21 

145.5(5!) 

- 

- 

*■ 

■ 

“ 

■ 

* 

■ 

- 

- 

- 

]4'i.o(L) 

/ 

J 

KF-::L 

' 

NF-21 

NF-21 

3 

ifi/.-oCi) 

ir;f..o(T) 


^StreoBod  to  T'o-jt  of  the  'd’fueb  yield  otron^th. 

j^NI’-2y  -  No  failure  in  dayn. 

L  loneitudlnal ,  T  trunoverP';. 


IABU  I 


I 


mm-mm  axRi8S>ooinosioii  ma  caza* 


EnvlroiBMnt 


DiatlUad  Hatar 

lao  Hater 

0.25)t  HagCrgO.^  Boln. 

Marquer.eb 

Salt  Soln. 

3<  HaCl  Soln. 

Trlchloroettaylen. 

CoanoUn. 

4i  Soluble-Mi  Sol 

Ho.  of 

No.  of 

Tint  to 
Failure 

No.  of 

Time  to 
Failure 

No.  of 

Tine  to 
Failure 

No*  of 

Tla.  to 
Failure 

(To.  of 

Tine  to 
Failure 

No.  of 

Tine  to 
Failure 

Ho.  of 

Vlae  i 

Pallui 

Sseeimana 

ISsoiL 

SiMiclBerni 

(°^») 

Bpecimene 

<^*) 

SDeclmene 

(Daya) 

Snecinene 

(Day.) 

Soeciaienf 

SpecinenB 

(Diy.) 

SoeclMna 

(Pay.) 

J 

HF-21 

3 

KP-ai 

3 

NF-21 

3 

HF-21 

5 

HF-21 

3 

llF-21 

3 

NF-21 

3 

HP-a 

3 

HF-ai 

3 

NP-21 

5 

NF-ai 

3 

HF-21 

3 

NF-21 

5 

HF-21 

3 

NP-21 

3 

HP-a 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.  - 

- 

- 

- 

- 

3 

HF-ai 

3 

N7-21 

3 

NF-21 

3 

NP-2i 

5 

NF-21 

5 

NF-21 

5 

NF-21 

3 

HF-a] 

2 

IlF-104 

3 

NP-104 

3 

NF-104 

3 

NP-104 

3 

NF-104 

3 

HP- 104 

3 

NF-104 

3 

HF-IC 

3 

Kf-121 

3 

NF-121 

. 

. 

- 

- 

- 

- 

. 

- 

. 

1 

105.8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

«F-21 

3 

NF-21 

3 

NF-21 

5 

NF-21 

3 

NF-21 

3 

HF-21 

3 

HF-21 

3 

HF-2] 

2 

HP-121 

3 

NP-104 

3 

NF-104 

3 

NF.104 

3 

NF-104 

5 

HF-104 

3 

NP-104 

3 

HF-IC 

1 

84.0 

3 

NF-121 

. 

. 

. 

. 

_ 

• 

1 

95.0 

- 

- 

- 

- 

- 

. 

- 

- 

. 

. 

1 

U3.0 

- 

- 

- 

- 

. 

. 

. 

. 

. 

. 

1 

118.7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

HP-21 

3 

NF-21 

5 

IIP-21 

5 

NF-21 

5 

NF-21 

5 

HF-21 

3 

NP-21 

3 

KF-2: 

3 

HP- 21 

3 

NF.21 

5 

NP-21 

5 

NF-21 

5 

NF-21 

3 

NF-21 

3 

NF-21 

3 

HF-a: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

• 

• 

• 

. 

.  ..  - 

• 

- 

• 

3 

HP- 21 

3 

NF-21 

3 

NP-21 

5 

NP-21 

5 

NF-21 

3 

NF-21 

3 

NF-21 

3 

HF-2: 

1 

HP-121 

3 

NF-121 

. 

- 

. 

. 

1 

84.0 

• 

. 

. 

. 

- 

. 

. 

. 

. 

. 

1 

ua.o 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

HP-a 

3 

NF-21 

3 

NF-21 

5 

KF-21 

5 

NF-21 

5 

HP-21 

5 

HP- 21 
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